Abstract -Facility layout design problems are a group of problems that involve the partitioning of a region into work centers or departments to minimize the costs associated with interactions between the work centers and departments. In cellular manufacturing systems, facility layout problem aims to find the most efficient arrangement of facilities within the machine cells and the layout of machinecells within the workshop. In this paper, an algorithm for solving layout design has been proposed that arranges the machines within machine cells, and cells in the shop-floor in such a way that minimizes the total material handling cost. To validate the developed algorithm, the results obtained by the algorithm are compared to the results of an exhaustive search. Comparison of results shows the validity of the proposed algorithm.
INTRODUCTION
Nowadays, manufacturing and service companies should operate more effectively and efficiently because of marketing forces and fierce competition. They should use their resources such as material, capital and labor more efficient and reduce their costs. One of the ways to reduce costs, which is often underestimated, is to reduce the costs associated with material handling. It has been estimated that 20-50 % of total operating expenses of manufacturing systems are spent on material handling cost, and a suitable layout design can decrease the operating costs by 10% to 30% [1] . Traditionally, the material handling cost is considered as a non-value added activity, which should be avoided. Hence facility layout models, which aim to arrange the facilities in the shop-floor to minimize the material handling cost; play an important role in the performance of manufacturing systems.
Layout problem in a cellular manufacturing system (CMS) like other manufacturing systems has significant effects on the performance of the system. CMS is based on the concept of group technology to take advantage of similarities among the system components to manufacture lot size productions [2] . Flow shop layout has high efficiency in a mass production system, while job shop layout is a very flexible system for producing a variety of parts. Each of them lacks the advantages of the other. Hence, cellular manufacturing system which is a compromise between flow line and job shop production, aims at higher flexibility and efficiency for small to medium batch production. In a CMS, parts are grouped into part families based on their similarities in their shape, process requirements, and geometry, and different machines are assigned to machine cells to produce one or more part families [3] . The most appealing benefits of cellular manufacturing are the lower material handling costs, reduced work-in-process and shorter setup times [4] .
In order to design a high performance CMS, and achieve its benefits three important stages should be taken into account. At first the performance of the system depends on how the machines and parts are grouped (Cell formation), and other potential issues that affect the performance of the system are how to assign these machines to the machine cells, and machine cells to the shop-floor (Layout design) [5] . Facility layout designs in cellular manufacturing systems, aims to find the most efficient arrangement of facilities within the machine cells and the layout of machine-cells within the workshops. Although the facility design has a high impact on the performance of manufacturing system in a CMS, it has rarely absorbed the attention of researchers as much as cell formation [6] . The main aim of this paper is to develop an algorithm for cellular layout that minimizes the total material handling cost (both inter-cell and intra-cell), and to evaluate the validity of the algorithm by comparing the results to the results of an enumeration algorithm. Alfa et al. (1992) integrated the layout problem and machine grouping in a cellular manufacturing system. They formulated a mathematical model for the problem, and solved the model by a simulated annealing based algorithm. They numerically illustrated their method [7] . Das (1993) developed an approach for a facility layout design in a flexible manufacturing system. The approach includes determining the orientation of cells, the location of I/O points, and the spatial coordinates of each cell. He proposed a four stage heuristic algorithm to solve the problem [8] . Kaebernick and Bazargan-Lari (1996) integrated three phases of design of a cellular manufacturing system, including the layout of machines within each machine cell, the layout of cells within the shop-floor, and the cell formation in their paper. They developed a multi-criteria model to solve their problem, and implemented their method in a white-good company [9] . Won (1997) developed linear machine layout model in a cellular manufacturing system that minimized the backward-flow of material. His model determines the sequence of machines in the cells. He demonstrated his method [10] . Lee (1998) integrated the three phases of the inter-cell layout, intracell layout and determining the location of transfer stations in a cellular manufacturing system. His method was based on a decomposition method [11] . Tanchoco and Lee (1999) developed a method for converting layout of a manufacturing system with a predefined aisle structure to a CMS. Their approach was based upon the segmented flow topology [12] . Ho and Moodie (2000) addressed the inter-cell layout and material flow path in a tree configuration.
They combined a mathematical model and a search algorithm to solve their problem [13] .
Li and Wu (2001) developed a mixed integer mathematical model for a layout model named nested layout to increase the efficiency of a production system. They applied a genetic algorithm based algorithm to solve their model [14] . Wang et al. (2001) developed a mathematical model for layout problems in a CMS that considers demand varies over the life cycle of product. They developed a simulated annealing algorithm to solve the model [15] . Li et al. (2003) integrated layout design and a flow path problem in a cellular manufacturing system. They developed a hybrid algorithm combined a simulated annealing and a branch and bound to solve the model. Their method was applied for a gear pump shop [16] . Chang et al. (2004) developed an approach for small cellular manufacturing systems, especially for the press production lines. They illustrated their approach by simulation [17] . Lei and Wu (2005) proposed a two-phase method for a layout problem in a cellular manufacturing system. They used a tabu search approach for the cell formation, and a heuristic algorithm for layout problem. They demonstrated their algorithm [18] . Hicks (2006) developed a genetic algorithm for a layout problem in a cellular manufacturing system. He used his algorithm using a large data set from the industry [19] . Tavakkoli 2009) integrated machine grouping and layout design in a cellular manufacturing system. They proposed a four-phase algorithm to solve their problem, and illustrated their method to show its efficiency [22] . Dixit and Mishra (2010) developed a solution methodology that integrates part families, machine grouping and also inter-cell and intra-cell layout design in a cellular manufacturing system. They illustrated their approach by an example [23] . Ho and Liao (2011) integrated intra-cell layout problem and determining the I/O point location in a cellular manufacturing system. They developed a four-phase procedure to solve the model, and illustrated it with an example to show the efficiency of their approach [24] .
II. PROPOSED ALGORITHM Cellular manufacturing problems are nondeterministic polynomial time (NP) hard problems [25] . Hence, the use of a metaheuristic method for a layout problem in the cellular manufacturing system is reasonable. In this paper, a simulated annealing based algorithm is proposed for solving a layout design in a CMS that minimizes the total material handling cost (both inter-cell and intra-cell). Fig. 1 shows a typical CMS. A typical layout of facilities in a CMS [26] In the early 1980's, simulated annealing (SA) was introduced by Kirkpatrick et al [27] , and independently by Cerny [28] . The concept of SA was based on a strong analogy between annealing and the problem of solving large optimization problems.
Annealing is a physical process that heats solids until it melts, and then gradually decreases the temperature. If the cooling process is done very carefully, the material will reach to its ground states of energy, unless it will have some imperfection with a higher level of energy. With a similar idea, the annealing process is simulated for combinatorial optimization to find a minimum solution among a very large bundle of solutions. Simulated annealing tries to avoid being trapped in local optima by accepting both "good" and "bad" moves at the beginning of the iterations, and gradually lowers the probability of accepting "bad" moves. In order to apply an SA algorithm, four basic components should be decided beforehand [29] :
• Specify an appropriate procedure to reach all of the allowable configurations for the combinatorial problem;
• Defining a cost function for deciding how good a configuration is;
• Assign an initial temperature;
• Schedule a cooling process for decreasing the temperature.
The proposed simulated annealing algorithm will be discussed in the following sections.
A. Generating Alternative Layout
Exchanging the location of facilities, to produce new neighboring configuration is achieved in two different ways, randomly and orderly. The aim of this paper is to find the layout of the cells within shop floor and layouts of the facilities in the cells. Thus the exchanging procedure must sustain the connections between the facilities of each cell with other facilities of that cell in some way. To generate alternative layout (neighboring solution), the proposed algorithm uses the following two procedures as follows:
1. Select two cells randomly and swap the location of them;
2. Choose a cell randomly and exchange the location of two facilities in the selected cell.
Both mentioned procedures produce feasible layouts. The first one is used when the proposed SA algorithm searches for the best arrangement for the cells whereas the second uses to arrange the facilities within the cells.
B. Initial Temperature
The initial temperature (T0) is important, because it affects the number of iterations that the SA algorithm should be repeated. The lower initial temperature results in the lower probability of receiving worse neighboring solution in comparison to the current solution. On the other hand, decreasing the initial temperature will prohibit the searching process to access to all the solution space in the primary steps. So setting the initial temperature is important. In this paper the value of the initial temperature (T0) is considered to be constant.
C. Temperature Reduction
One of the major issues related to the annealing schedule, is how to decrease the temperature during the annealing process. There are several procedures to decrease the temperature. In this paper, according to the next formula, the temperature will be decreased.
In the above equation (r) is the rate of cooling or decrement factor.
D. Equilibrium Condition
The SA algorithm will be repeated in any temperature until it reaches the equilibrium condition, and then the temperature of the algorithm is reduced. The number of iterations is called epoch length. The size of epoch length is usually different for different kinds of SA implementation. In this paper, epoch length is calculated by the following equation:
In the above equation (LP) is a parameter of the implemented algorithm. Another parameter (Q) is the number of cells when SA algorithm searches for the arrangement of cells and is considered the quantity of facilities when it searches for the layout of facilities.
E. Stopping Condition
The last component that should be defined is the stopping condition which will be specified before performing the SA algorithm. There are several conditions available in the literature [29] :
• A given total number of iterations are performed;
• A given final temperature is reached;
• A number of temperature reduction steps that current solution remains unchanged.
In this paper, stopping condition (STP) is considered as the number of temperature reduction steps that current solution remains unchanged and no neighboring solution is accepted.
III. NUMERICAL EXAMPLES
To show the validity of the proposed algorithm, several cases were generated randomly and solved by the proposed algorithm. Then the results were compared to the results of an exact method (exhaustive search) in terms of quality of solutions. Both algorithms were programmed in C/C++, and ran on a Pentium 4 PC (2.8 GHZ, 1GB of RAM). Table 1 As it can be observed from the results, in all the cases, both solution methods have found the same solutions with the equal material handling cost, i.e. the proposed algorithm obtains optimal solutions for these small cases. When the size of the test problem is increased, the exhaustive search cannot find the optimum solutions in a logical time. In such situations, use of the proposed simulated annealing based algorithm is reasonable.
IV. CONLUSION
In this paper, an algorithm based on simulated annealing was developed that arranges machines in the machine cells (Intra-cell), and cells in the shop-floor (Intercell) in such a way that minimize total material handling cost. Comparison of results between the developed algorithm and an exhaustive search shows the validity of the proposed algorithm. Use of the algorithm for real cases, because of the NP-Hard nature of the layout design problems in cellular manufacturing systems is reasonable.
